AHCYL2 (long-IRBIT) as a potential regulator of the electrogenic Na+-HCO3− cotransporter NBCe1-B  by Yamaguchi, Soichiro & Ishikawa, Toru
FEBS Letters 588 (2014) 672–677journal homepage: www.FEBSLetters .orgAHCYL2 (long-IRBIT) as a potential regulator of the electrogenic
Na+-HCO3 cotransporter NBCe1-B0014-5793/$36.00  2014 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.febslet.2013.12.036
Abbreviations: AD, DNA-activation domain; AHCYL, adenosylhomocysteine
hydrolase-like protein; BD, DNA-binding domain; BPA, bovine parotid acinar;
EGFP, enhanced green ﬂuorescence protein; IB, immunoblot; IP, immunoprecipita-
tion; IP3R, InsP3 receptor; IRBIT, InsP3 receptor binding protein released with InsP3;
NBCe, electrogenic Na+-HCO3 cotransporter; PLP, paraformaldehyde/Lysine/Perio-
date; QDO, quadrupole essential amino acids dropout; SD, synthetic dextrose; X-a-
Gal, 5-bromo-4-chloro-3-indolyl-a-D-galactopyranoside
⇑ Corresponding author. Present Address: Department of Basic Veterinary Med-
icine, Division of Biomedical Science, Obihiro University of Agriculture and
Veterinary Medicine, Obihiro 080-8555, Japan. Tel./ fax: +81 155 49 5356.
E-mail address: torui@obihiro.ac.jp (T. Ishikawa).
1 Present address: Laboratory of Pharmacology, Department of Biomedical Sci-
ences, Graduate School of Veterinary Medicine, Hokkaido University, Sapporo, Japan.Soichiro Yamaguchi 1, Toru Ishikawa ⇑
Laboratory of Physiology, Department of Biomedical Sciences, Graduate School of Veterinary Medicine, Hokkaido University, Sapporo, Japan
a r t i c l e i n f oArticle history:
Received 8 November 2013
Accepted 27 December 2013
Available online 25 January 2014






Bovine parotid acinar cell
Whole-cell patch-clampa b s t r a c t
Although AHCYL2 (long-IRBIT) is highly homologous to IRBIT, which regulates ion-transporting pro-
teins including the electrogenic Na+-HCO3 cotransporter NBCe1-B, its functions are poorly under-
stood. Here, we found that AHCYL2 interacts with NBCe1-B in bovine parotid acinar cells using
yeast two-hybrid, immunoﬂuorescence confocal microscopy and co-immunoprecipitation analyses.
Whole-cell patch-clamp experiments revealed that co-expression of AHCYL2 reduces the apparent
afﬁnity for intracellular Mg2+ in inhibition of NBCe1-B currents speciﬁcally in a HCO3
-deﬁcient cel-
lular condition. Our data unveil AHCYL2 as a potential regulator of NBCe1-B in mammalian cells. We
propose that cytosolic ionic condition appropriate for AHCYL2 to function might be different from
IRBIT.
Structured summary of protein interactions::
AHCYL2 physically interacts with NBCe1-B and IRBIT by anti bait coimmunoprecipitation (1, 2)
NBCe1-B physically interacts with AHCYL2 by two hybrid (1, 2)
NBCe1-B physically interacts with IRBIT by two hybrid (1, 2)
NBCe1-B and AHCYL2 colocalize by ﬂuorescence microscopy (View interaction)
AHCYL2 and IRBIT colocalize by ﬂuorescence microscopy (View interaction)
 2014 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
NBCe1-B, a major splice variant of the electrogenic Na+-HCO3
cotransporter (NBCe1) operates with an apparent stoichiometry
of 1 Na+: 2 HCO3 and plays essential roles in controlling intracel-
lular pH in various cell types and epithelial HCO3 secretion [1].
NBCe1-B has a large cytosolic N-terminal region that is involved
in protein–protein interactions with an inositol 1,4,5-trisphos-
phate (InsP3) receptor binding protein released with InsP3 (IRBIT)
[2], a protein originally known as an interacting protein of InsP3receptors (IP3R) [3]. IRBIT binds to the variant speciﬁc N-terminal
region of NBCe1-B and regulates its cotransport rate (i.e. increase
of per-molecule activity) [2,4,5]. A serine-rich N-terminal region
of IRBIT (PEST domain) that contains critical phosphorylation sites
[6,7] is essential for the interaction with NBCe1-B [2,8]. IRBIT en-
hances the cotransporter function mainly, but not exclusively, by
relieving the N-terminal auto-inhibition that limits its intrinsic
cotransport rate in Xenopus oocytes [5,9].
When heterologously expressed in mammalian cells, NBCe1-B
activity assessed by whole-cell patch-clamp is highly sensitive to
intracellular Mg2+ (Mg2+i) inhibition that is likely immediate,
reversible and mediated by electrostatic mechanism, and the
Mg2+i sensitivity is conferred partly by the variant speciﬁc N-termi-
nal region [10]. We have recently shown that IRBIT closely associ-
ates with NBCe1-B in bovine parotid acinar (BPA) cells [11], where
endogenous NBCe1-B-like currents are much less sensitive to Mg2+i
inhibition than recombinant NBCe1-B currents under whole-cell
voltage-clamp condition [10]. Accordingly, heterologous
co-expression of IRBIT reduces the apparent afﬁnity for Mg2+i in
inhibition of NBCe1-B currents in HEK293 cells [11]. However,
we also noted that even when co-expressed with IRBIT, the
NBCe1-B currents still had a higher sensitivity to Mg2+i [11]
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prompted us to search for additional cytosolic factors that might
modify the Mg2+i sensitivity of NBCe1-B in BPA cells.
In the present study, we performed a yeast two-hybrid screening
of a bovine parotid cDNA librarywith the large cytosolic N-terminus
of NBCe1-B as bait and identiﬁed AHCYL2 (adenosylhomocysteine
hydrolase-like protein 2, also termed KIAA0828 or long-IRBIT) as a
novel interacting partner. The N-terminus of AHCYL2 has homology
with IRBIT including the highly conserved PEST domain except for
N-terminal appendage (Long-IRBIT speciﬁc N-terminal domain)
longer than that of IRBIT [12]. However, AHCYL2 has been shown
to retain little ability to interact with IP3R [13], and its functions
have not been well elucidated compared to IRBIT [12].
Here, we show that AHCYL2 interacts with NBCe1-B in BPA cells
using immunoﬂuorescence confocal microscopy and co-immuno-
precipitation analyses. We further demonstrate using the
whole-cell patch-clamp technique that co-expression of AHCYL2
can regulate Mg2+i sensitivity of recombinant NBCe1-B currents
in a speciﬁc intracellular ionic setting.2. Materials and methods
2.1. Animal material
Bovine parotid tissue was obtained from a local slaughterhouse
and Graduate School of Veterinary Medicine, Hokkaido University.
Bovine parotid cells were enzymatically isolated as described
previously [14].
2.2. Yeast two-hybrid screening
The MATCHMAKER library construction and screening kit
(Takara Bio, Otsu, Japan) was used to construct a bovine parotid
cDNA library. Bovine NBCe1-B was cloned from bovine parotid as
described previously [14]. The bait was constructed by cloning
the cytosolic N-terminal region (amino acids 1–444) of the bovine
NBCe1-B (NBCe1-B-Nt) into the pGBKT7 vector, encoding GAL4
DNA-activation domain (AD). The pGBK-NBCe1-B-Nt construct
was transformed into the yeast strain Y187. The BD (cDNA library)
and AD (NBCe1-B-Nt) constructs were introduced together through
yeast mating, and positive transformants were further character-
ized and grouped by restriction mapping of PCR products gener-
ated for insert DNAs. Representative clones were sequenced and
blasted against GenBank sequences. The interactions of NBCe1-B-
Nt and IRBIT or AHCYL2 were re-tested using cDNA cloned from
bovine parotid cells. AH109 yeast cells were co-transformed with
pGBKT7 vectors, which contained either NBCe1-B-Nt, or no insert
and pGADT7 vectors, which contained IRBIT, AHCYL2, or no insert.
2.3. Cloning of AHCYL2 from bovine parotid
mRNA was extracted from enzymatically isolated bovine paro-
tid cells and ﬁrst-strand cDNA was generated from mRNA using
SuperScript II RT (Life Technologies). The speciﬁc oligonucleotide
primers for PCR for bovine AHCYL2 were derived from the se-
quences obtained from yeast two-hybrid screening. The AHCYL2
sense primer was 50-GCG GTG ATG TCG GTG CAG GTC GTG T-30
and the antisense primer was 50-CCA GAA AAC CCC AGA AAA
CAA GGA G-30. The size of the expected fragments of AHCYL2
was 2210 bp, which encoded their all of open reading frames.
The PCR reaction was performed with TaKaRa LA Taq (Takara
Bio). The PCR conditions were: denaturation 94 C for 30 s;
annealing 64 C for 30 s; extension 72 C for 3 min; 35 cycles.
PCR products of AHCYL2 ampliﬁed using a high ﬁdelity
enzyme, PrimeSTAR HS DNA Polymerase (Takara Bio) or Pfu-Turbo(Stratagene, LaJolla, CA, USA) were subcloned into pGADT7,
pIRES2-EGFP, or pEGFP-C1vector and used for following
experiments.
2.4. Cell transfection
The plasmid encoding AHCYL2, IRBIT, or empty vector pIRES2-
EGFP was transiently transfected using Lipofectamine 2000 (Life
Technologies) into HEK293 cells stably expressing NBCe1-B (pCI-
neo mammalian expression vector, Promega, Madison, WI, USA)
[14]. Patch-clamp recordings were made two days after transfec-
tion from EGFP positive single cells, which exhibited strong
ﬂuorescence.
2.5. Western blot
Isolated bovine parotid cells and HEK293 cells stably expressing
NBCe1-B that were transfected with each construct (i.e. bovine AH-
CYL2 or IRBIT subcloned into pIRES2-EGFP vector or vector alone)
were lysed in a buffer containing a protease inhibitor cocktail (1/
100 dilution, Sigma P8340). Bovine parotid protein (5 lg) and
transfected HEK293 cell protein (20 lg) were separated by SDS–
PAGE and transferred to nitrocellulose paper. After incubation in
blocking buffer, the blots were treated with the diluted rabbit
anti-NBCe1 antibody (1:10000, Chemicon International, Temecula,
CA, USA), rabbit anti-AHCYL2 antibody (1:10000, Bethyl laborato-
ries, Inc., Montgomery, TX, USA), or mouse anti-IRBIT antibody
(1:5000, Abnova, Taipei, Taiwan) and then with horseradish perox-
idase-conjugated anti-rabbit or anti-mouse IgG antibody (1:10000,
GE Healthcare, Buckinghamshire, UK) as the secondary antibody.
The signal was detected by an ECL Plus system and ECL mini-cam-
era (GE Healthcare).
2.6. Co-immunoprecipitation
Isolated bovine parotid cells were suspended in lysis buffer for
co-immunoprecipitation. Brieﬂy, the homogenized suspension was
precleared and immunoprecipitated with the following antibodies;
rabbit anti-AHCYL2 antibody (5 lg, Bethyl), mouse anti-IRBIT anti-
body (5 ll of serum, Abnova), rabbit anti-NBCe1 antibody (5 ll of
serum, Chemicon), control normal mouse IgG (5 lg, Sigma), or con-
trol normal rabbit IgG (5 lg, sigma). The mixtures were added to
the homogeneous protein A-suspension (50 ll) and incubated for
overnight at 4 C. After washes, immunoprecipitated proteins were
analyzed by SDS–polyacrylamide gel electrophoresis and Western
blot.
2.7. Immunoﬂuorescence confocal microscopy
Isolated bovine parotid cells were ﬁxed in PLP ﬁxative overnight
at 4 C, and permeabilized with 1% SDS in phosphate-buffered sal-
ine (PBS) for 5 min. After blocked in image-iT signal enhancer (Life
Technologies) and in PBS containing 5% normal goat serum and
0.2% BSA, the cells were incubated with rabbit anti-AHCYL2 anti-
body (1 lg/ml, Bethyl), mouse anti-IRBIT antibody (1:500, Abno-
va), and/or mouse anti-NBCe1 antibody (1:1000, Abnova,
H00008671-A01), and then with Alexa 488-conjugated goat anti-
mouse IgG and/or Alexa 594-conjugated goat anti-rabbit IgG
(1:500, Life Technologies). The coverslips were observed under
IX-70 confocal ﬂuorescence microscopy (Olympus, Tokyo, Japan)
with a 60 oil-immersion objective.
2.8. Electrophysiology
Whole-cell patch-clamp experiments were performed at
room temperature and NBCe1-B currents were deﬁned as the
Fig. 2. Expression of AHCYL2 in bovine parotid. (A) Detection of mRNA transcripts
of AHCYL2 from bovine parotid cDNA by RT-PCR. Lane M: size markers (Stable 1 kbp
DNA ladder, Sigma). RT, reverse transcription. The size of the expected fragments of
AHCYL2 was 2210 bp. (B) Immunoblotting detection of IRBIT and AHCYL2 in bovine
parotid cells and bovine NBCe1-B-expressing HEK293 cells transiently transfected
with IRBIT, AHCYL2, or empty vector (pIRES2-EGFP). The antibody against IRBIT or
AHCYL2 speciﬁcally recognized IRBIT or AHCYL2, respectively. The data with anti-
IRBIT antibody except for NBCe1-B-expressing HEK293 cells transiently transfected
with AHCYL2 were the same as reported previously [11].
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ously [10,11].
All average results are presented as mean ± S.E. of independent
experiments (n), where n refers to the number of cells tested.
For detailed information, see Supplemental materials online.
3. Results
3.1. Identiﬁcation of AHCYL2 as a novel binding partner of NBCe1-B
using the yeast two-hybrid system
We performed a yeast two-hybrid screening of a bovine parotid
cDNA library using the ﬁrst 444 amino acid residues of the cyto-
solic N-terminal region of bovine NBCe1-B as bait and identiﬁed
AHCYL2 as a potential binding partner of NBCe1-B. One colony
among 170 colonies tested included the vector encoding full length
AHCYL2. Full length IRBIT was also detected by the screening (11
colonies) as mentioned brieﬂy in a previous report (see Materials
and Methods of [11]). The interaction between the NBCe1-B N-ter-
minal region and AHCYL2 or IRBIT in yeast was conﬁrmed by co-
transformation of AH109 yeast cells with pGBKT7 vector encoding
N-terminal region of NBCe1-B and pGADT7 vector encoding AH-
CYL2 or IRBIT (Fig. 1).
3.2. Bovine parotid cells express AHCYL2
RT-PCR analysis showed that bovine parotid cells express the
transcripts of AHCYL2 (Fig. 2A). The nucleotide sequence of open
reading frame of obtained bovine parotid AHCYL2 was almost
identical to a reported sequence of bovine AHCYL2 (Genbank
accession #: NM_001101143.1), except that it differed from the re-
ported amino acid sequence (NP_001094613.1) by missing three
nucleotides encoding Q122. It is noteworthy that human
(NP_001124192.1) and mouse (NP_001164471.1) AHCYL2 do not
contain the glutamine either. The homology of amino acid se-
quence between bovine and human or mouse AHCYL2 is 99% or
97%, respectively.
Western blot analysis showed that bovine parotid cells express
the proteins of AHCYL2 (Fig. 2B). The anti-IRBIT antibody and
anti-AHCYL2 antibody used were conﬁrmed to speciﬁcally recog-
nize IRBIT and AHCYL2 exogenously expressed in HEK293 cells,Fig. 1. Interaction of NBCe1-B and AHCYL2 or IRBIT in yeast two-hybrid system.
Interaction of full-length AHCYL2 or IRBIT and N-terminal region (amino acids 1–
444) of NBCe1-B (NBCe1-B-Nt) as shown by yeast two-hybrid analysis. Yeast cells
were co-transformed with pGADT7-AHCYL2, pGADT7-IRBIT or empty pGADT7
along with pGBKT7-NBCe1-B-Nt or empty pGBKT7 as indicated. Two control strains
were produced by co-transformation with pGADT7-RecT along with pGBKT7-53
(Positive control) or pGBKT7-Lam (Negative control). About 2.3  105 cells, each of
these transformed yeasts, were dropped and grown on a SD–Leu/–Trp/X-a-Gal
plate and a SD QDO (–Ade/–His/–Leu/–Trp)/X-a-Gal plate. Blue color indicates the
activation of lacZ gene induced by interaction of two proteins encoded in vectors.respectively (Fig. 2B). The additional slower-migrating band of
AHCYL2 may be due to the phosphorylation of LISN (Long-IRBIT
speciﬁc N-terminal) domain in AHCYL2 [13].
3.3. AHCYL2 closely associates with NBCe1-B and IRBIT in bovine
parotid acinar (BPA) cells
The expression of AHCYL2, NBCe1-B, or IRBIT in isolated bovine
parotid cells was evaluated by immunoﬂuorescence confocal
microscopy. Double immunolabeling for AHCYL2 and NBCe1-B
(Fig. 3A) or IRBIT (Fig. 3B) showed that AHCYL2, NBCe1-B, and IR-
BIT are co-expressed in acinar cells. Immunoﬂuorescence staining
pattern of NBCe1-B overlapped with that of AHCYL2 (Fig. 3A). AH-
CYL2 and IRBIT also had overlapping distributions (Fig. 3B). The
speciﬁcities of these staining of AHCYL2 and NBCe1-B were con-
ﬁrmed by antigen pre-absorption experiments (Fig. 3C) as shown
for those of IRBIT and NBCe1-B in a previous report [11].
In heterologous co-expression experiments, we found that as
NBCe1-B, AHCYL2 was present in proximity to regions of the plas-
ma membranes of HEK293 cells, but such localization pattern of
AHCYL2 was not observed when AHCYL2 was expressed alone
(Supplemental Fig. S1). Therefore, the AHCYL2 expression in prox-
imity to the plasma membranes of BPA cells may depend on the
membrane expression of NBCe1-B.
AHCYL2 was co-immunoprecipitated with NBCe1-B from bo-
vine parotid cell lysate and vice versa (Fig. 4, IP: anti NBCe1 and
IP: anti AHCYL2). Three out of four experiments showed the same
results. An anti-AHCYL2 antibody also immunoprecipitated IRBIT
(Fig. 4, IP anti AHCYL2, IB: IRBIT), suggesting that AHCYL2 may
form heteromultimer with IRBIT in BPA cells. This suggestion ap-
peared to be consistent with the observation that IRBIT and AH-
CYL2 co-localized in BPA cells (Fig. 3B). However, AHCYL2 was
not precipitated with an anti-IRBIT antibody (Fig. 4, IP: anti IRBIT,
IB: AHCYL2) and neither was NBCe1-B as reported elsewhere [11].
The reason for these observations is unclear at this stage. It might
be simply because the antibody did not precipitate a sufﬁcient
amount of IRBIT proteins to detect binding partners as the band
of precipitated IRBIT was relatively faint (Fig. 4, IP: anti IRBIT, IB:
IRBIT). Alternatively, concerning the binding with AHCYL2, a large
Fig. 3. Co-expression of AHCYL2, IRBIT, and NBCe1-B in dissociated BPA cells. Dissociated bovine parotid cells were double-stained with antibodies against AHCYL2 and
NBCe1 (A) or IRBIT (B). As negative controls, cells were stained with antigen-preabsorbed antibodies (C). Alexa 488 goat anti-mouse IgG antibody and Alexa 594 goat anti-
rabbit IgG antibody were used for secondary antibodies. Nuclei of the cells were stained with Hoechst 33342 (Blue). Yellow shows the overlap of the signals indicated green
and red (merge). Speciﬁcity of anti-IRBIT antibody was conﬁrmed previously [11]. Scale bars: 10 lm.
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many tissues expression level of IRBIT has been shown to be higher
than that of AHCYL2 [13]. Control IgG did not precipitate NBCe1-B,
AHCYL2, and IRBIT, neither.
3.4. AHCYL2 can regulate intracellular Mg2+-sensitivity of NBCe1-B in
a HCO3
-deﬁcient cellular condition
To examine whether AHCYL2 would modify the Mg2+i-sensitiv-
ity of NBCe1-B as IRBIT did [11], we transiently transfected AHCYL2or empty vector alone into HEK293 cells stably expressing NBCe1-
B and measured NBCe1-B currents. NBCe1-B current densities were
evaluated as the extracellular Na+-dependent currents at 0 mV un-
der the presence of extracellular HCO3 in order especially to min-
imize the inﬂuence of back ground leakage currents as described
previously [10,11]. We ﬁrst dialyzed the cells using a pipette solu-
tion with added 25 mM HCO3, an experimental condition, under
which IRBIT was effective in changing the sensitivity of NBCe1-B
to Mg2+i inhibition [11]. We found no difference in dose-inhibition
curves for Mg2+i in between AHCYL2- and mock-transfected cells
Fig. 4. Co-immunoprecipitation of AHCYL2, IRBIT, and NBCe1-B. Bovine parotid
lysates were immunoprecipitated with an anti-AHCYL2, anti-IRBIT, anti-NBCe1, or
control antibody. The immunoprecipitates were subjected to Western blotting and
probed with anti-NBCe1 (top), anti-AHCYL2 (middle), or anti-IRBIT (bottom)
antibody. Total lysate was also loaded (input). The smear around the band of
immunoprecipitated NBCe1-B (IP: anti NBCe1, IB: NBCe1) might be due to
aggregation and degradation of the protein. IP: immunoprecipitation, IB:
immunoblot.
Fig. 5. AHCYL2 reduces Mg2+i sensitivity of NBCe1-B. (A) Whole-cell current density
evoked by ramp pulse protocol is shown at 10-mV intervals from 90 mV to 40 mV
in 25 mM HCO3 containing Na+-rich (open circles) or Na+-free (solid circles) bath
solutions. Empty vector (a, pIRES2-EGFP) or a vector encoding AHCYL2 (b) was
transiently transfected into HEK293 cells stably expressing NBCe1-B (pCIneo).
Mg2+-free (lower) or 104 M Mg2+-containing (upper) pipette solution was used.
Shown are mean ± S.E. (n = 4–7). (B) Dose–response relation for Mg2+i inhibition of
NBCe1-B currents recorded from the cells expressing NBCe1-B alone (open circles)
or with AHCYL2 (solid circles). The line for the control data (open circles) is a ﬁt to
the Hill equation (Ki value: 1.0  105 M; Hill coefﬁcient: 0.95), whereas the line for
the data obtained from the cells transfected with AHCYL2 (solid circles) is derived
from the Hill equation with self-deﬁned values (Ki value: 8.9  104 M; Hill
coefﬁcient: 1.45), because the data were unable to be ﬁtted with a computer
program properly. Shown are mean ± S.E. (n = 6 or 7 AHCYL2, n = 4 or 5 control).
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a nominally HCO3-free pipette solution, these transfected cells
exhibited NBCe1 currents with different Mg2+i-sensitivities. When
a nominally HCO3- and Mg2+-free pipette solution was used to
dialyze the cells, the NBCe1-B currents were not affected by
co-expression of AHCYL2 (control: 3.5 ± 0.8 pA/pF (n = 4) and +AH-
CYL2: 3.2 ± 1.0 pA/pF (n = 6) at 0 mV, Fig. 5A). On the other hand,
when the cells were dialyzed with a pipette solution having
104 M of free Mg2+, the NBCe1-B currents were increased by
co-expression of AHCYL2 (control: 0.3 ± 0.3 pA/pF (n = 5) and
+AHCYL2: 4.6 ± 1.3 pA/pF (n = 7) at 0 mV, Fig. 5A). Co-expression
of AHCYL2 caused a rightward shift of the dose–response curve
for Mg2+i inhibition, such that Mg2+i-sensitivity for NBCe1-B cur-
rent recorded from AHCYL2-transfected cells was estimated to be
approximately 100-fold lower than that from mock-transfected
cells (Fig. 5B). The data suggest that AHCYL2 may reduce the
Mg2+i sensitivity of NBCe1-B depending upon cytosolic HCO3
levels.
Given a functional interaction between AHCYL2 and NBCe1-B
suggested in a model cell system, we hypothesized that Mg2+i-sen-
sitivity of native NBCe1-B-like currents in BPA cells may be also
lower in the nominal absence of HCO3i, compared to the presence
of HCO3i. We subsequently examined the Mg2+i-sensitivity of na-
tive NBCe1-B-like currents in BPA cells using a pipette solution
with no added HCO3 and compared its dose–response curve for
Mg2+i inhibition with that previously determined using a solution
with added 25 mM HCO3 [10]. NBCe1-B-like currents recorded
with the nominally HCO3-free pipette solution were inhibited
by intracellular Mg2+ in a concentration-dependent manner, and
an apparent Ki value was estimated to be 4.3  103 M (Supple-
mental Fig. S3). This value was approximately 5-fold higher than
that (8.17  104 M) estimated using pipette solutions with added
25 mM HCO3 [10].
4. Discussion
In the present study, we identiﬁed AHCYL2 (long-IRBIT) as a no-
vel binding partner of the cytosolic N-terminus of NBCe1-B and
subsequently showed that AHCYL2 forms a molecular complex
with NBCe1-B in BPA cells. We also showed that heterologous
co-expression of AHCYL2 did reduce the Mg2+i-sensitivity of
NBCe1-B currents in HEK293 cells when the cells were dialyzed
with pipette solutions with no added HCO3, but not solutions
with added 25 mM HCO3. These results together with our recent
work on IRBIT [11] suggest that AHCYL2 can modify Mg2+isensitivity of NBCe1-B as IRBIT does, but intracellular ionic condi-
tion appropriate for AHCYL2 to function may be different from
IRBIT.
Our immunoﬂuorescence confocal microscopy and co-immuno-
precipitation data suggest that AHCYL2 and IRBITmay form hetero-
multimer in BPA cells (Fig. 4). The conclusion is consistent with that
drawn by a previous study [13]. Besides, although we did not com-
pare the expression level between AHCYL2 and IRBIT in BPA cells,
the quantity of colonies detected by yeast two-hybrid screening
(1 AHCYL2 colony and 11 IRBIT colonies) implies that the expres-
sion level of AHCYL2 is lower than that of IRBIT as reported for other
tissues [13]. Therefore, we cannot completely exclude the possibil-
ity that IRBIT intermediates the binding between NBCe1-B and AH-
CYL2 in BPA cells. Nevertheless, unless yeasts express endogenous
IRBIT substantially, the results of yeast two-hybrid screeningwould
suggest that AHCYL2 can bind to NBCe1-B directly.
In the present study, we found that NBCe1-B was co-immuno-
precipitated with AHCYL2, but not with IRBIT from bovine parotid
cell lysate (Fig. 4, [11]), although both AHCYL2 and IRBIT were
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CYL2 cannot bind to IP3R [13], more free form of AHCYL2, com-
pared to that of IRBIT, might be available for binding to NBCe1-B
especially under non-stimulated resting condition, where InsP3
concentration is expected to be low in the cells. It remains unclear
at this stage if AHCYL2 competes with IRBIT toward a binding site
of NBCe1-B and if the relief of Mg2+i inhibition by IRBIT is also af-
fected by intracellular HCO3. It is tempting to speculate that intra-
cellular HCO3 concentration could act as a ‘‘switch’’ initiating or
terminating regulatory machinery operated by AHCYL2 and thus
determine the relative contributions of AHCYL2 and IRBIT to the
regulation of NBCe1-B.
At present, the mechanism by which AHCYL2 changes the
Mg2+i-sensitivity of NBCe1-B only when intracellular HCO3 con-
centration ([HCO3]i) is minimal remains unknown. We speculate
that HCO3i might be a cytosolic factor that causes conformational
change of AHCYL2 and/or NBCe1-B and thus regulates their inter-
action. Further studies will be needed to address this issue specif-
ically by examining whether intracellular HCO3 concentration
could affect binding afﬁnity of AHCYL2 to NBCe1-B, because the
present co-immunoprecipitation experiments were done under a
nominally HCO3-free condition.
AHCYL2 regulation of NBCe1-B activity under a limited cellular
condition (i.e. low [HCO3]i) may have physiological and/or patho-
physiological impacts on intracellular HCO3 (and thus pH)
homeostasis and epithelial HCO3 secretion whether or not it takes
place in collaboration with and/or in preference to IRBIT. For exam-
ple, when [HCO3]i becomes low, AHCYL2 might activate NBCe1-B
by reducing its Mg2+i-sensitivity and thus increase [HCO3]i that in
turn makes AHCYL2 less effective in controlling the cotransporter
activity. This type of regulation would also ensure the optimal
[HCO3]i for HCO3 secretion. From this view point, it is notewor-
thy that Mg2+i-sensitivity of native NBCe1-B-like currents in BPA
cells dialyzed with the nominally HCO3-free pipette solution
was indeed lower than that of the currents from BPA cells dialyzed
with the HCO3-containing one (Supplemental Fig. S3). Once pri-
mary cultures of BPA cells that preserve the properties of NBCe1-
B are successfully established, it would be interesting to test
whether knock-down of endogenous AHCYL2 affects HCO3i-
dependent modiﬁcation of Mg2+i-sensitivity of native NBCe1-B-like
currents in these cells.
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